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PHOTOVOLTAIC POWER GENERATION
SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a Continuation application of PCT
Application No. PCT/JP2010/053164, filed Feb. 26, 2010,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photovoltaic power gen-
eration system capable of synchronously obtaining output
curve characteristics of a photovoltaic array (a PV array) and
power generating conditions using, €.g., a supervisory remote
control apparatus 1n a state that a large-scale photovoltaic
power generation system or a clustered grid-connected pho-

tovoltaic power generation system 1s installed on the spot.

2. Description of the Related Art

Patent Literature 1 (Jpn. Pat. Appln. KOKAI Publication
No. 2006-201827) discloses a configuration in which a power
conditioner has a built-in curve tracer to judge output abnor-
mality of a photovoltaic power generation system 1n a state
that the photovoltaic power generation system 1s installed in
the field.

This curve tracer measures a direct current (I) associated
with a direct-current voltage (V) of a photovoltaic cell, traces
a direct current (I)-direct-current voltage (V) curve from the
measurement values, and displays this trace result in a display
unit, whereby visually confirming this display unit enables
judging whether the photovoltaic power generation system 1s
normal or abnormal.

In the invention disclosed in Patent Literature 1, solar
radiation intensity or an air temperature as power generating,
conditions for evaluating an output ifrom the photovoltaic
power generation system 1s not traced, and evaluation based
on comparison with characteristic estimated value from ret-
erence conditions (1 KW/m?, 25° C.) of the photovoltaic cell
1s difficult.

Further, in a large-scale system including photovoltaic
power generation systems, since each power conditioner has
the built-in curve tracer, many curve tracers cannot be man-
aged and controlled in synchronization with each other, and
evaluation based on comparison with outputs from the pho-
tovoltaic power generation systems under the same power
generating conditions 1s difficult.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a photovoltaic power gen-
eration system comprising: a photovoltaic array including
photovoltaic modules, the photovoltaic power generation sys-
tem further comprising a control apparatus configured to
display output characteristics of the photovoltaic array and
power generating conditions of the photovoltaic array in syn-
chronization.

Furthermore, the present invention provides a photovoltaic
power generation system comprising: a plurality of photovol-
taic arrays, and curve trace apparatuses each of which traces
output characteristics of at least a direct current I and a direct-
current voltage V as outputs from each of the photovoltaic
arrays in accordance with each of the photovoltaic arrays, the
photovoltaic power generation system further comprising a
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2

control apparatus configured to perform display control of
cach curve trace apparatus in synchronization.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and in part will be
obvious from the description, or may be learned by practice of
the mvention. The objects and advantages of the mvention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out hereinatter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are mcorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the invention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 1s a schematic block diagram for explaining a first
embodiment of a photovoltaic power generation system
according to the present invention;

FIG. 2 1s a schematic block diagram for explaining a sec-
ond embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 3 1s a schematic block diagram for explaining a third
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 4 1s a schematic block diagram for explaining a fourth
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 5 1s a schematic block diagram for explaining a fifth
embodiment of the photovoltaic power generation system
according to the present ivention;

FIG. 6 15 a schematic block diagram for explaining a sixth
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 7 1s a schematic block diagram for explaining a sev-
enth embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 8 1s a schematic block diagram for explaining an
eighth embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 9 1s a schematic block diagram for explaining a ninth
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 10 1s a schematic block diagram for explaining a 10th
embodiment of the photovoltaic power generation system
according to the present ivention;

FIG. 11 1s a schematic block diagram for explaining an
11th embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 12 1s a schematic block diagram for explaining a 12th
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 13 1s a schematic block diagram for explaining a 13th
embodiment of the photovoltaic power generation system
according to the present invention;

FIG. 14 1s a flowchart for explaining an operation of the
first embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 15 1s a flowchart for explaining the operation of the
first embodiment of the photovoltaic power generation sys-
tem according to the present invention;

FIG. 16 1s an operation explanatory view for explaining of
an operation of each umt of the first embodiment in the
photovoltaic power generation system according to the
present invention;
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FIG. 17 1s an operation explanatory view for explaining of
the operation of each unit of the first embodiment 1n the

photovoltaic power generation system according to the
present invention;

FI1G. 18 1s an operation explanatory view for explaiming of
the operation of each unit of the first embodiment 1n the
photovoltaic power generation system according to the
present invention;

FIG. 19A 15 a view for explaining a display method of a
display apparatus that displays an output from a curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FIG. 19B 1s a view for explaining the display method of the
display apparatus that displays an output from a curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 19C 1s a view for explaining the display method of the
display apparatus that displays an output from a curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 20A 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FIG. 20B 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 21 15 a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 22 A 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FIG. 22B 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 22C 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 23 A 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention;

FI1G. 23B 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention; and

FIG. 24 1s a view for explaining the display method of the
display apparatus that displays an output from the curve trace
apparatus 1n the photovoltaic power generation system
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a schematic block diagram for explaining a first
embodiment of the present invention; this embodiment com-
prises photovoltaic power generation systems 101 . . . 10N
and one supervisory remote control apparatus 1, and direct-
current power generated by the respective photovoltaic gen-
eration systems 101 . . . 10 1s converted into alternating-
current power by respective power conditioners 21 . .. 2N and
supplied to a commercial power supply (an alternating-cur-
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4

rent power system) 5. The supervisory remote control appa-
ratus 1 supervises and controls states of the photovoltaic
power generation systems 101 . . . 10N.

-

I'he photovoltaic power generation system 101 comprises
a photovoltaic array 41, the power conditioner 21 that con-
verts the direct-current power generated by the photovoltaic
array 41 into the alternating-current power and supplies this
power to the alternating-current power system 5, a power
collection box 81 and a cable run 71 which are arranged
between the photovoltaic array 41 and the power conditioner
21, and a measurement apparatus 31 that measures power
generating conditions of the photovoltaic array 41.

Like the photovoltaic power generation system 101, the
photovoltaic power generation system 10N comprises one
photovoltaic array 4N, the power conditioner 2N that converts
the direct-current power generated by the photovoltaic array
4N 1nto the alternating-current power and supplies this power
to the alternating-current power system 5, a power collection
box 8N and a cable run 7N which are arranged between the
photovoltaic array 4N and the power conditioner 2N, and a
measurement apparatus 3N that measures power generating
conditions of the photovoltaic array 4N.

Here, the photovoltaic array means one obtained by com-
bining photovoltaic cells as a minimum unit of a photovoltaic
battery to constitute each photovoltaic module (a photovol-
taic panel) and connecting these photovoltaic modules 1n
series, parallel, or series-parallel, one photovoltaic array will
be referred to as one group or one umt, and a plurality of
photovoltaic arrays will be referred to as groups or units.

Communication apparatuses 12,212 ... 2N2,313 ... 3N3
are installed 1n the supervisory remote control apparatus 1,
and the power conditions 21 . . . 2N and the measurement
apparatuses 31 . . . 3N in the respective groups, thereby
providing a communication system comprising signal trans-
missionpaths 911 .. .9N1,912 .. . 9N2, and 913 .. . 9N3 that
enable communication between the communication appara-
tus 12 of the supervisory remote control apparatus 1 and the
communication apparatuses 313 . . . 3N3 of the measurement
apparatuses 31 . .. 3N and between the communication appa-
ratus 12 of the supervisory remote control apparatus 1 and the
communication apparatuses 212 . . . 2N2 of the respective
power conditioners 21 . .. 2N.

The power conditioner 21 comprises a power conversion
apparatus 211, a control switching apparatus 213, the com-
munication apparatus 212, a direct-current voltage detector
214 that detects a direct-current voltage as an input to the
power conversion apparatus 211 and an output from the pho-
tovoltaic array 41 and supplies this direct-current voltage
detection value Vdc to the control switching apparatus 213
and the communication apparatus 212, and a direct current
detector 215 that detects a direct current as an mnput to the
power conversion apparatus 211 and an output from the pho-
tovoltaic array 41 and supplies this direct current detection
value Idc to the control switching apparatus 213 and the
communication apparatus 212.

The control switching apparatus 213 switches max power
point tracking (MPPT) control for controlling 1n such a man-
ner that the power conditioner 21 can recerve a direct-current
voltage command Vretf or a direct current command Iref and
a control switching command SCAN from the supervisory
remote control apparatus 1 through the communication sys-
tem and an output from the power conversion apparatus 211
included in the power conditioner 21 can become maximum
for voltage control or current control based on the direct-
current voltage command Vref or the direct current command

Iref.
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Furthermore, like the power conditioner 21, the power
conditioner 2N comprises a power conversion apparatus 2N1,
a control switching apparatus 2N3, the communication appa-
ratus 2N2, a direct-current voltage detector 2N4 that detects a
direct-current voltage as an input to the power conversion
apparatus 2N1 and an output from the photovoltaic array 4N
and supplies this direct-current voltage detection value Vdc to
the control switching apparatus 2N3 and the communication
apparatus 2N2, and a direct current detector 215 that detects
a direct current as an 1nput to the power conversion apparatus
2N1 and an output from the photovoltaic array 4N and sup-
plies this direct current detection value Idc to the control

switching apparatus 2N3 and the communication apparatus
2N2.

The control switching apparatus 2N3 switches the MPPT
control for controlling 1n such a manner that the power con-
ditioner 2N can recerve the direct-current voltage command
Vret or the direct current command Iref and the control switch
command SCAN from the supervisory remote control appa-
ratus 1 through the communication system and an output
from the power conversion apparatus 2N1 included 1n the
power conditioner 2N can become maximum to voltage con-
trol or current control based on the direct-current voltage
command Vrel or the direct current command Iref.

The measurement apparatuses 31 . . . 3N have at least one
(provided 1n accordance with each of the photovoltaic arrays
41 . . . 4N 1n this example) solar radiation intensity detector
and the communication apparatuses 313 . . . 3N, the solar
radiation 1ntensity detector including actinometers 311 . . .
3N1 that measure solar radiation intensity as power generat-
ing conditions of the respective photovoltaic arrays 41 . . . 4N
and air temperature gauges 312 . . . 3N2 that detect and
measure air temperatures at places where the photovoltaic
arrays 41 . . . 4N are 1nstalled.

The supervisory remote control apparatus 1 comprises a
later-described curve trace apparatus 11 and the communica-
tion apparatus 12. The curve trace apparatus 11 1s installed in
the supervisory remote control apparatus 1, fetches direct
current detection values (1) detected by the respective direct
current detectors 215 ... 2N5 included 1n the respective power
conditioners 21 . . . 2N and direct-current voltage values (V)
detected by the respective direct-current voltage detectors
214 . . . 2N4 1ncluded 1n the respective power conditioners
21 ... 2N, thereby traces I-V characteristic diagrams for the
respective photovoltaic arrays 41 . . . 4N, and traces the solar
radiation intensity detection values and air temperature detec-
tion values detected by the measurement apparatuses 31 . . .
3N 1n the I-V characteristic diagrams for the respective pho-
tovoltaic arrays 41 . . . 4N; tracing of the I-V characteristic
diagrams for the respective photovoltaic arrays 41 . . . 4N, the
solar radiation intensity detection values, and the air tempera-
ture detection values 1s carried out in synchronization with
transmission of the direct-current voltage command Vref or
the direct current command Iref given to the control switching,
apparatuses 213 . . . 2N3 included 1n the respective power
conditioners 21 . . . 2N and the control switching command
SCAN to the control switching apparatuses 213 . . . 2N3
included 1n the respective power conditioners 21 . .. 2N from
the supervisory remote control apparatus 1 through the com-
munication system, 1.e., the communication apparatus 12, the
signal transmission paths 912 . . . 9N2, and the communica-
tion apparatuses 212 . .. 2N2.

The power collection boxes 81 . . . 8N accommodate diodes
that prevent outputs from the photovoltaic arrays 41 . . . 4N
from flowing back to a plurality of (three 1n this embodiment)
photovoltaic modules constituting the respective photovol-
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6

taic arrays 41 . . . 4N, switches used when performing main-
tenance and 1nspection of the photovoltaic power generation
system, and others.

Although a flow of signals between the supervisory remote
control apparatus 1 and the power conditioners 21 ... N1 (21
of these power conditioners) will now be described with
reference to FI1G. 16 and FIG. 17, the power collection box 81
in FIG. 1 1s omitted in both the drawings.

FIG. 16 shows that I-V curve scan command data 1s
executed based on a sampling system. The curve trace appa-
ratus 11 included in the supervisory remote control apparatus
1 comprises a command data creation apparatus 111 and an
I-V characteristic plot creation apparatus 112.

The command data creation apparatus 111 creates com-
mand data in accordance with a scan mode ON/OFF com-
mand, the direct-current voltage command Vref or the direct
current command Iref, and a cycle AT, e.g., every 1 second 1n
response to the control switching command SCAN, and
thereby sets a direct-current voltage command value (a direct
current command value).

The communication apparatus 12 transmits the direct-cur-
rent voltage command value or the direct current command
value set by the command data creation apparatus 111 to the
communication apparatus 212 of the power conditioner 21
through a signal transmission path. The direct-current voltage
command value (the direct current command value) 1s sup-
plied to the power conditioner 21 1n accordance with the cycle
received by the communication apparatus 212. When the scan
mode 1s changed to ON, the control switching apparatus 213
of the power conditioner 21 1nputs the direct-current voltage
command value or the direct current command value as an
external command to the power conditioner 21 1n accordance
with the cycle received through the commumication and per-
forms the I-V curve scan. Further, the communication appa-
ratus 212 transmits (returns) the direct-current voltage com-
mand (the direct-current voltage command) from the control
switching apparatus 213, the direct-current voltage detection
value and the direct current detection value detected by the
detector, and direct-current power calculated based on these
values to the communication apparatus 212, and the I-V char-
acteristic plot creation apparatus 11 creates an I-V character-
1stic plot.

FIG. 17 shows that the I-V curve scan command data 1s
executed based on a collective system. Although the curve
trace apparatus 11 included 1n the supervisory remote control
apparatus 1 comprises the I-V characteristic plot creation
apparatus 112, 1t does not comprise a command data creation
apparatus, and 1t 1s configured to perform output 1n accor-
dance with the scan mode ON/OFF command, the direct-
current voltage command value or the direct current com-
mand value, and the cycle A, e.g., 1 second. The power
conditioner 21 comprises a setting unit 2137 so that a direct-
current voltage command computational expression or a
direct current command computational expression can be set.
The control switching apparatus 213 1n the power conditioner
21 performs the I-V curve scan based on the communication
when the scan mode 1s changed to ON, mputs the voltage
command, the current command, and the cycle command to
the command computational expression, thereby calculating
an external command based on the command computational
expression. The thus obtained direct-current voltage com-
mand or direct current command 1s returned to the supervi-
sory remote control apparatus 1 by the communication appa-
ratus, and the I-V characteristic plot creation apparatus 11
creates an characteristic plot.

The above-described operation of the curve trace apparatus
1 is carried out as shown 1n FIG. 14 or FIG. 15, and I-V curve
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scan 1s stopped if solar radiation fluctuates during the I-V
curve scan 1n any case. Specifically, in FIG. 14, for example,
when a scan mode command Vref scan or Iref scan 1s 1ssued
to the power conditioner 21 from the voltage command data
creation apparatus 111 in FIG. 1 and FIG. 16 (51), whether
solar radiation intensity measured by the actinometers
311 ... 3N1 has fluctuated 1s judged (S2), and the I-V curve
scan 1s terminated when the solar radiation has fluctuated
(S6). When there 1s no fluctuation 1n solar radiation at S2,
whether system abnormality 1s observed 1s judged (S3), and
the I-V curve scan 1s terminated when the system abnormality
1s observed (56). If the system abnormality 1s not observed at
S3, the I-V curve scan 1s executed (S4), and whether this scan
value 1s not smaller than a limit 1s judged (S5). If this value 1s
not smaller than the limit at S5, the I-V curve scan 1s termi-
nated (S6). When this value 1s not smaller than the limit at S6,
the control returns to S2, and whether solar radiation has
fluctuated 1s judged. It 1s to be noted that, at S6, the I-V curve
scan 1s continued 11 the scan voltage Vrel_scan or the scan
current Iref_scanll 1s not equal to or larger than a set limait
Vdclimit or Idc_limait, and the I-V curve scan 1s terminated 1t
the same voltage or current 1s equal to or above a limit Vdc-
limit or Idc limiat.

Like FI1G. 14, the I-V curve scan 1s carried out as shown 1n
FIG. 15. When solar radiation fluctuates during the I-V curve
scan, the I-V curve scan 1s stopped. FIG. 15 shows an example
of moving the I-V curve scan in accordance with each group,
and a step of making a selection from the power conditioners
21 ... 2N 1s added between S1 and S2 in FIG. 14. As this
selection, an odd number, an even number, a string converter
on the photovoltaic (PV) module side, or the like 1s freely
selected. Steps other than one described above are equal to
those 1n FIG. 14, and hence like reference numerals denote
like parts to omit a description thereof.

FIG. 18 illustrates operation times for executing the I-V
curve scan 1n a day. In FIG. 18, a PCS operation time means
a time during which the PCS operates in a day. An I-V curve
scan periodic time means a time during which the I-V curve
scan 1s periodically executed 1n the PCS operation time. In
regard to solar radiation>set solar radiation and an I-V curve
scan execution trigger, the I-V curve scan execution trigger 1s
output when solar radiation 1s larger than the set solar radia-
tion 1n the periodic time, but the I-V curve scan execution
trigger 1s not output when solar radiation 1s smaller than the
set solar radiation. When this concept shown i FIG. 18 1s
expanded and a function for making reference to external
data, e.g., a function for fetching information such as a
weather forecast 1s added, curve tracing that 1s efficient for
determining a measurement schedule 1s enabled.

According to the first embodiment, since solar radiation
intensity or an air temperature as measurement conditions for
evaluating an output from the photovoltaic power generation
system 15 drawn 1n the characteristic diagram traced by the
curve trace apparatus 11, evaluation based on comparison
with a characteristic estimated value under the reference con-
ditions (1 KW/m?*, 25° C.) of the photovoltaic cell can be
casily performed.

Further, according to the first embodiment, in the large-
scale system including the photovoltaic power generation
systems, I-V curves and/or P-V curves in the photovoltaic
arrays 41 . . . 4N can be managed and controlled in synchro-
nization with each other by the supervisory remote control
apparatus 1, and evaluation based on comparison of outputs
from the photovoltaic power generation systems under the
same power generating conditions can be easily carried out.

Furthermore, since output curve characteristics of the pho-
tovoltaic arrays 41 . . . 4N and the power generating condi-
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tions are obtained in synchronization with each other by the
supervisory remote control apparatus 1 1n a state that the
photovoltaic power generation system 1s installed on the spot,
the photovoltaic arrays 41 . . . 4N can be readily evaluated.

Moreover, 1t 1s possible to perform a deterioration analysis
of the photovoltaic arrays 41 . . . 4N, a characteristic analysis
of long-term operations of the power conditioners (PCS)
21 ... 2N, and determination of an accurate maximum power
point.

Additionally, an impact diagnosis of an environment of the
photovoltaic arrays 41 . . . 4N, solar radiation based on 1nstal-
lation conditions, an air temperature, and sun shadow can be
carried out, and deterioration of the photovoltaic arrays
41 ...4N or fouling due to dust or stains can be also analyzed.

Further, it 1s possible to perform an impact diagnosis of a
voltage drop due to a wiring impedance between the respec-
tive photovoltaic arrays 41 . . . 4N and the respective power
conditioners 21 . . . 2N or a characteristic analysis of opera-
tions of the power conditioners 21 . . . 2N; specifically, control
performance of a maximum power point tracing apparatus
(MPPT), loss evaluation, and an age deterioration analysis.

The following points, which are problems 1n Patent Litera-
ture 1, can be improved upon. That 1s, 1t 1s possible to make an
impact diagnosis of an environment of the photovoltaic arrays
41 . . . 4N and solar radiation, an air temperature, and sun
shadow meeting the installation conditions. Furthermore,
data of the photovoltaic power generation systems 101 . . .
10N can be synchronously obtained, and comparison and
evaluation of characteristics can be easily carried out. More-
over, output curve characteristics of the photovoltaic arrays

41 . . . 4N and power generating conditions can be synchro-
nously obtained by the supervisory remote control apparatus
1.

FIG. 2 15 a schematic block diagram for explaining a sec-
ond embodiment of the present invention, and 1t 1s different
from the embodiment depicted 1n FIG. 1 in that one measure-
ment apparatus 30 having an actinometer 301 and an air
temperature gauge 302 1s provided to a specific one of the
photovoltaic arrays 41 . . . 4N or one position other than this
place, whereas each of the measurement apparatuses 31 . . .
3N having actinometers 311 . . . 3N1 and the air temperature
gauges 312 ...3N2 as one of the power generating conditions
1s provided 1n accordance with each of the photovoltaic arrays
41 . . . 4N 1n the embodiment depicted in FIG. 1. A solar
radiation intensity detection value Irr obtained by actinom-
cter 301 and an air temperature detection value Tmp obtained
by the air temperature gauge 302 measured by the measure-
ment apparatus 30 are transmitted to a curve trace apparatus
11 through a communication apparatus 303 included 1n the
measurement apparatus 30, a communication apparatus 12
included 1n a supervisory remote control apparatus 1, and a
signal transmission path connecting these apparatuses.

FIG. 3 1s a schematic block diagram for explaining a third
embodiment according to the present invention, and 1t 1s
different from the embodiment depicted in FIG. 1 1n that
power collection box apparatuses 91 . . . 9N comprising
power collection boxes 81 . . . 8N and direct current detectors
911,912 .. .91M,...9N1,9N2 ... 9NM are newly provided
in place of the power collection boxes 81 . . . 8N, and the
power collection box apparatuses 91 . . . 9N are configured as
follows. That 1s, the direct current detectors 911, 912 . . .
91M, ...9N1,9N2...9NM are provided at connecting points
of photovoltaic modules 411, 412 . . . 41M, . . . 4N1,
4N2 . . . 4NM constituting respective photovoltaic arrays
41 . .. 4N and the power collection boxes 81 . . . 8N, direct-
current voltage detectors 910 . . . 9MO0 are newly provided at
a connecting point of the power collection box 81 and a power
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conditioner 21 and a connecting point of the power collection
box 8N and the power conditioner 2N, and detection values
obtained by the direct current detectors 911, 912 . . .

O1IM, ... 9N1, 9N2 . . . ONM and detection values of the
direct-current voltage detectors 910 . . . 9MO are mnput to a
curve trace apparatus 11 through communication apparatuses

313 and 12.

According to the third embodiment, I-V curve scan for
cach photovoltaic module and each photovoltaic array can be
carried out by the curve trace apparatus 11.

FI1G. 4 1s a schematic block diagram for explaining a fourth
embodiment of the present invention, and it 1s different from
the embodiment depicted 1n FIG. 1 1n that the measurement
apparatuses 31 . . . 3N are not provided and solar radiation
intensity detection values and air temperature detection val-
ues measured by actinometers 311 . . . 3N1 and air tempera-
ture gauges 312 . . . 3N2 are iput to a curve trace apparatus
11 through communication apparatuses 212 . . . 2N2 and a
communication apparatus 12. This embodiment can be
applied to a clustered grid-connected photovoltaic system,
¢.g., a residential photovoltaic system.

FIG. 5 1s a schematic block diagram for explaining a fifth
embodiment according to the present invention, and 1t 1s
different from the embodiment depicted in FIG. 1 in that
industrial cameras 3161 . . . 316N that enable visually con-
firming a solar radiation environment of array or module
installing positions and anemometers 3151 . . . 315N that
measure wind velocities are newly added as measurement
apparatuses 31 . . . 3N that detect power generating condi-
tions, respectively.

When the industrial cameras 3161 . . . 316N and the
anemometers 3151 . . . 315N are newly provided in this
manner, an accuracy for scan evaluation of photovoltaic char-
acteristics measurement conditions can be improved.

FIG. 6 1s a schematic block diagram for explaining a sixth
embodiment of the present invention, and 1t 1s different from
the embodiment depicted 1n FIG. 1 1n that alternating-current
voltage detectors 216 . . . 2N6 and alternating current detec-
tors 217 . . . 2N7 are newly provided on output sides of
respective power conversion apparatuses 211 . . . 2N1, alter-
nating-current power arithmetic units 218 . . . 2N8 that cal-
culate alternating-current power based on these alternating-
current detection values are provided, and calculated values
of the alternating-current power arithmetic units 218 . . . 2N8
are led to a curve trace apparatus 11 through communication
apparatuses 212 ...2N2 and 12. As aresult, in the curve trace
apparatus 11, since a characteristic diagram of the direct-
current power and a characteristic diagram of the alternating-
current power can be simultaneously displayed, characteris-
tics of the photovoltaic power generation system including,
the power conditioners 21 . . . 2N can be evaluated.

FI1G. 7 1s a schematic block diagram for explaining a sev-
enth embodiment according to the present invention, and 1t 1s
different from the embodiment depicted in FIG. 1 1n that the
power collection boxes 81 . . . 8N are not provided, but new
power collection box apparatuses 91 . . . 9N are provided in
power conditioners 21 . . . 2N, and the power collection box
apparatuses 91 . . . 9N are configured as follows. That 1s, to

detect a direct current of each module constituting the array,
direct current detectors 911,912, .. . 91M ... 9N1,9N2, ...

ONM are provided to direct-current bus lines 711, 712, . . .
71M . . . 7N1, 7N2, . . . TNM connecting the respective
modules to power collection boxes 81 . . . 8N, and the direct
current detectors 911,912, . . .91M ... 9N1,9N2,...9NM
and the power collection boxes 81 . . . 8N are provided 1n the
power conditioners 21 . . . 21N, respectively.
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FIG. 8 1s a schematic block diagram for explaining an
eighth embodiment according to the present invention, and 1t
1s different from the embodiment depicted in FI1G. 1 1n that the
power collection boxes 81 . . . 8N are not provided, but new
power collection box apparatuses 91 . . . 9N are provided, and
the power collection box apparatuses 91 . . . 9N are configured
as follows. That 1s, they are provided to direct-current bus
lines 71 . .. 7N of the respective modules constituting an array
and power conditioners 21 . . . 2N, and the power collection
box apparatuses 91 . . . 9N are configured as follows. That 1s,

to detect a direct current for each of modules 411, 412, . . .
41M . . . 4N1, 4N2, . . . 4NM constituting the array, direct

current detectors 911,912, ... 91M ... 9N1,9N2,...9NM
are provided to the direct-current bus lines 71 . . . 7N con-
necting the respective modules to the power collection boxes
8N, switches 811, 812 ... 81M, 8N1, 8N2 ... and 8NM are
connected to the direct current detectors 911, 912, . . .
91M ... 9N1,9N2,...9NM in series 1n the power collection

boxes 81 .. . 8N, and a curve trace apparatus 11 of a super-
visory remote control apparatus 1 1s configured to enable
selecting operations of the switches 811, 812 .. . 81M, 8NI1,
8N2 .. .8NM through communication apparatuses 31 ... 3N,
and 12.

FIG. 9 1s a schematic block diagram for explaining a ninth
embodiment according to the present invention, and 1t 1s
different from the embodiment shown 1n FIG. 1 1n that the
power collection boxes 81 . . . 8N are not provided, but new
power collection box apparatuses 91 . . . 9N are provided 1n
power conditioners 21 . . . 2N, and the power collection box
apparatuses 91 . . . 9N are configured as follows. That 1s, to
detect a direct current of each module constituting an array,
direct current detectors 911,912, .. . 91M ... 9N1,9N2, ...
ONM are provided to direct-current bus lines 711, 712, . . .
71M . . . 7N1, 7N2, . . . TNM connecting the respective

modules to the power collection boxes 81 . . . 8N, the direct
current detectors 911,912, ... 91M ... 9N1,9N2,...9NM

and the power collection boxes 81 . . . 8N are provided 1n
power conditioners 21 . . . 2N, switches 811, 812 . . . 81M,
8N1, 8N2 ...8NM are connected to the direct current detec-
tors 911,912, .. .91M...9N1,9N2, ... 9NM in series 1n the
power collection boxes 81 . . . 8N, and a curve trace apparatus
11 of a supervisory remote control apparatus 1 1s configured
to enable selecting operations of the switches 811, 812 . . .

81M, 8N1, 8N2 . . . 8NM through communication appara-
tuses 212 ... 2N2, and 12.

FIG. 10 1s a schematic block diagram for explaining a 10th
embodiment according to the present invention, and 1t 1s
different from the embodiment depicted 1n FIG. 1 1n that the
power conditioners 21 . . . 2N provided to the direct-current
buslines 71. .. 7N of the power collection boxes 81 . . . 8N and
the power system (the commercial power supply) 5 1n FIG. 1
are not provided, and they are provided to direct current cable
runs between arrays or modules 41' . . . 4N7' and the power
collection boxes 81 . . . 8N, one measurement apparatus 30
having an actinometer 301 and an air temperature gauge 302
1s arranged at a specific one of photovoltaic arrays 41 . . . 4N
or one position other than this location, whereas the measure-
ment apparatuses 31 . . . 3N having the actinometers 311 and

the air temperature gauges 312 . . . 3N2 as one of power
generating conditions are provided in accordance with the
respective photovoltaic arrays 41 . . . 4N 1n the embodiment

shown 1n FIG. 1.

FIG. 11 1s a schematic block diagram for explaining an
1 1th embodiment according to the present invention, and 1t 1s
different from the embodiment depicted 1n FIG. 1 1n that the
tollowing configuration 1s adopted so that initial charging of
smoothing capacitors 217 . . . 2N7 usually provided on 1nput
sides of the power conversion apparatuses 211 . .. 2N1 of the
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power conditioners 21 . . . 2N 1n FIG. 1 can be carried out in
synchronization. That 1s, switches 216 . . . 2N6 and 218 . . .
2N8 are provided on input sides and output sides of power
conversion apparatuses 211 . . . 2N1, and the switches
216 . ..2N6 and 218 . . . 2N8 are controlled to be opened or
closed by a curve trace apparatus 11 through communication
apparatuses 212 . . . 2N2 and 12, thereby performing the
initial charging of the smoothing capacitors 217 . . . 2N7 1n
synchronization.

FI1G. 12 15 a schematic block diagram for explaining a 12th
embodiment according to the present invention, and 1t 1s
different from the embodiment depicted 1n FIG. 1 1n that the
following configuration 1s adopted so that initial charging of
smoothing capacitors 217 . . . 2N7 usually provided on input
sides of the power conversion apparatuses 211 . . . 2N1 of the
power conditioners 21 . . . 2N 1n FIG. 1 can be carried out in
synchronization. That 1s, recording apparatuses 219 ... 2N9
that temporarily record detection values detected by direct-
current voltage detectors 214 . . . 2N4 and direct current
detectors 215 .. . 2N5 required for scanming an I-V curve are
provided to, e.g., commumnication apparatuses 212 .. . 2N2 of
the power conditioners 21 . . . 2N, direct-current voltage
detection values and direct current detection values recorded
by the recording apparatuses 219 . . . 2N9 are read out by a
curve trace apparatus 11 through the communication appara-
tuses 212 ... 2N2 and 12, and the I-V curve 1s scanned based
on these values. Adopting such a configuration enables scan-
ning the I-V curve even 11 operations of switches 216 ... 2N6
are slowed down.

FI1G. 13 15 a schematic block diagram for explaining a 13th
embodiment according to the present invention, and 1t 1s
different from the embodiment depicted 1n FIG. 1 1n that the
power collection boxes 81 . . . 8N 1n FIG. 1 are not provided,
but new power collection box apparatuses 91 . . . 9N are
provided 1n power conditioners 21 . . . 2N, and the following
configuration i1s adopted so that initial charging of smoothing
capacitors 217 . . . 2N7 usually provided on input sides of
power conversion apparatuses 211 . . . 2N1 of the power
conditioners 21 . . . 2N 1n FIG. 1 can be carried out 1n
synchronization. That 1s, the power collection box appara-
tuses 91 . . . 9N are configured as follows.

That 1s, to detect a direct current of each module constitut-
ing an array, direct current detectors 911, 912, . . . 91M . ..
ON1, 9N2, ... 9NM are provided to direct current bus lines
711, 712, .. . 71M . . . TN1, 7N2, . . . TNM connecting the
respective modules to the power collection boxes 81 . . . 8N,
the direct current detectors 911, 912, . . . 91IM . . . 9NI1,
ON2, ... 9NM and the power collection boxes 81 . . . 8N are
provided 1n the respective power conditioners 21 . . . 2N,
switches 811, 812 . . . 81M and 8N1, 8N2 . . . 8NM are
connected to the direct current detectors 911, 912, . . .
91M....9N1,9N2, ...9NMn series 1n the power collection
boxes 81 .. . 8N, and a curve trace apparatus 11 of a super-
visory remote control apparatus 1 1s configured to enable
selecting operations of the switches 811, 812 . . . 81M and
8N1, 8N2 . . . 8NM through communication apparatuses
212 .. .2N2, 12.

Further, switches 216 ...2N6 and 218. .. 2N8 are provided
on 1nput sides and output sides of the power conversion appa-
ratuses 211 . . . 2N1, and the switches 216 . . . 2N6 and
218 ...2N8 are controlled to be opened or closed by the curve
trace apparatus 11 through the communication apparatuses
212 ... 2N2 and 12, thereby performing the imitial charge of
the smoothing capacitors 217 . . . 2N7 1n synchronization.

A description will now be given as to a display method of
a non-1illustrated display apparatus included in the curve trace
apparatus 11 provided in the supervisory remote control
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apparatus 1 or a non-1illustrated display apparatus included 1n
the curve trace apparatus 11 and non-1illustrated display appa-
ratuses provided in the power conditioners 21 . . . 2N with
reference to FIG. 19A to FIG. 24. Each of FIG. 19A to FIG.
21 shows a display example when the number of the photo-
voltaic array 1s one. FIG. 19A shows a P-V curve a and a
maximum power point b obtained by the MPPT control when
an ordinate represents direct-current power P and an abscissa
represents a direct-current V. FIG. 19B shows an I-V curve ¢
and an amount of solar radiation d when an ordinate repre-
sents an amount of solar radiation and a direct current I and an
abscissa represents a direct-current voltage V. FIG. 19C
shows currents el, €2, and €3 for each of the photovoltaic
modules according to, e.g., the embodiment shown 1n FIG. 5
when an ordinate represents a direct current I and an abscissa
represents a direct-current voltage V.

FIG. 20A 1s a view showing direct-current power Pdc and
alternating-current power Vac 1n, €.g., the embodiment shown
in FIG. 5 when an ordinate represents direct-current power P
and an abscissa represents a direct-current voltage V.

FIG. 20B shows a P-V curve I and a maximum power point
g when an ordinate represents a direct current 1 and an
abscissa represents a direct-current voltage V.

FIG. 21 shows a display example showing a P-V curve h
and a maximum power point 1 in a full direct-current voltage
region obtained by the switches 811,812, ... 81Min, e.g., the
embodiment depicted 1n FIG. 8 when an ordinate represents
direct-current power P and an abscissa represents a direct-
current voltage V.

Each of FIG. 22A to FIG. 24 shows a display example
when the number of the photovoltaic arrays 1s more than one.
FIG. 22A shows a P-V curve j and a maximum power point k
obtained by the MPPT control when an ordinate represents
direct-current power P and an abscissa represents a direct-
current voltage V. FIG. 22B shows an I-V curve 1 and an
amount of solar radiation m when an ordinate represents an
amount of solar radiation and a direct current I and an abscissa
represents a direct-current voltage V. FIG. 22C shows cur-
rents nl, n2, n3, n4, nS, and n6 for the respective photovoltaic
modules 1n, e.g., the embodiment depicted in FIG. S when an
ordinate represents a direct current I and an abscissa repre-
sents a direct-current voltage V.

FIG. 23A 1s a view showing direct-current power Pdc and
an alternating current Vac 1n, ¢.g., the embodiment depicted in
FIG. 5 when an ordinate represents direct-current power P
and an abscissa represents a direct-current voltage V.

FIG. 23B shows a P-V curve o and maximum power points
p and g when an ordinate represents a direct current I and an
abscissa represents a direct-current voltage V.

FIG. 24 shows a display example of a P-V curve r and
maximum power point s and t 1n a full direct-current voltage
region obtained by the switches 811,812, ...81Min, e.g., the
embodiment depicted in FIG. 8 when an ordinate represents
direct-current power P and an abscissa represents a direct-
current voltage V.

A modification of the present invention will now be
described. All of the foregoing embodiments correspond to a
situation where a plurality of photovoltaic arrays are pro-
vided, but a single photovoltaic array alone may be used as a
configuration.

In this case, there 1s provided a photovoltaic power genera-
tion system comprising: a photovoltaic array including pho-
tovoltaic modules, the photovoltaic power generation system
turther comprising a control apparatus configured to display
output characteristics of the photovoltaic array and power
generating conditions of the photovoltaic array 1n synchroni-
zation.
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Further, there 1s provided a photovoltaic power generation
system comprising:

a photovoltaic array; a power conditioner which converts
direct-current power generated by the photovoltaic array into
desired direct-current power, further converts 1t into alternat-
ing-current power, and supplies 1t to an alternating-current
power system, or converts direct-current power generated by
the photovoltaic array into alternating-current power and sup-
plies 1t to the alternating-current power system; a supervisory
remote control apparatus which supervises and controls a
state of the alternating-current power system; and a measure-
ment apparatus which measures power generating conditions

of the photovoltaic array,

the photovoltaic power generation system further compris-
ng:

a communication system which has communication appa-
ratuses 1nstalled 1n the supervisory remote control apparatus,
the power conditioner, and the measurement apparatus,
respectively, and comprises a signal transmission path which
enables communication between the communication appara-
tus 1n the supervisory remote control apparatus and the com-
munication apparatus in the measurement apparatus and
between the communication apparatus in the supervisory
remote control apparatus and the communication apparatus in
the power conditioner;

a control switching apparatus that switches MPPT control,
by which the power conditioner recerves a direct-current volt-
age command or a direct current command and a control
switching command from the supervisory remote control
apparatus through the communication system and an output
from the power conversion apparatus included 1n the power
conditioner becomes maximum, to voltage control or current
control using the direct-current voltage command Vref or the
direct current command Iref;

a power generating condition detector which 1s installed in
the measurement apparatus and detects power generating,
conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detection
value (I) detected by the direct current detector and a direct-
current voltage detection value (V) detected by the direct-
current voltage detector, traces an I-V characteristic diagram
of the photovoltaic array, and also traces power generating
conditions detected by the power generating condition detec-
tion on the I-V characteristic diagram, the I-V characteristic
diagram and the power generating condition detection value
being traced in synchronization with transmission of the
direct-current voltage command or the direct current com-
mand and the control switching command from the supervi-
sory remote control apparatus to the control switching appa-
ratus, and the I-V characteristic diagram and the power
generating condition detection value being displayed.

Furthermore, there 1s provided a photovoltaic power gen-
eration system comprising:

a photovoltaic array; a power conditioner which converts
direct-current power generated by the photovoltaic array into
desired direct-current power, further converts 1t into alternat-
ing-current power, and supplies 1t to an alternating-current
power system, or converts direct-current power generated by
the photovoltaic array into alternating-current power and sup-
plies 1t to the alternating-current power system; a supervisory
remote control apparatus which supervises and controls a

10

15

20

25

30

35

40

45

50

55

60

65

14

state of the alternating-current power system; and a measure-
ment apparatus which measures power generating conditions
of the photovoltaic array,

the photovoltaic power generation system further compris-
ng:

a communication system which has communication appa-
ratuses 1nstalled 1n the supervisory remote control apparatus,
the power conditioner, and the measurement apparatus,
respectively, and comprises a signal transmission path which
enables communication between the communication appara-
tus 1n the supervisory remote control apparatus and the com-
munication apparatus in the measurement apparatus and
between the communication apparatus in the supervisory
remote control apparatus and the communication apparatus in
the power conditioner;

a control switching apparatus that switches MPP'T control,
by which the power conditioner recerves a direct-current volt-
age command or a direct current command and a control
switching command from the supervisory remote control
apparatus through the communication system and an output
from the power conversion apparatus included 1n the power
conditioner becomes maximuim, to voltage control or current
control using the direct-current voltage command Vref or the
direct current command Iref;

a power generating condition detector which 1s installed 1n
the measurement apparatus and detects power generating
conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detection
value (I) detected by the direct current detector and a direct-
current voltage detection value (V) detected by the direct-
current voltage detector 1n synchronization with transmission
of the direct-current voltage command or the direct current
command from the supervisory remote control apparatus,
traces a P-V characteristic diagram from direct-current power
(P) calculated based on the direct-current voltage detection
value (V) and the direct current detection value (I) and the
direct-current voltage detection value (V), and also traces
power generating conditions detected by the power generat-
ing condition detector on the P-V characteristic diagram, the
P-V characteristic diagram, the solar radiation intensity
detection value, and the air temperature detection value being
traced 1n synchronization with transmission of the direct-
current voltage command or the direct current command and
the control switching command from the supervisory remote
control apparatus to the control switching apparatus.

Moreover, there 1s provided a photovoltaic power genera-
tion system comprising:

a photovoltaic array; a power conditioner which converts
direct-current power generated by the photovoltaic array into
desired direct-current power, further converts 1t into alternat-
ing-current power, and supplies it to an alternating-current
power system, or converts direct-current power generated by
the photovoltaic array 1into alternating-current power and sup-
plies 1t to the alternating-current power system; a supervisory
remote control apparatus which supervises and controls a
state of the alternating-current power system; and a measure-
ment apparatus which measures power generating conditions
of the photovoltaic array,

the photovoltaic power generation system further compris-
ng:

a communication system which has communication appa-
ratuses 1nstalled 1n the supervisory remote control apparatus,
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the power conditioner, and the measurement apparatus,
respectively, and comprises a signal transmission path which
enables communication between the communication appara-
tus 1n the supervisory remote control apparatus and the com-
munication apparatus in the measurement apparatus and
between the communication apparatus in the supervisory
remote control apparatus and the communication apparatus in
the power conditioner;

a control switching apparatus that switches MPPT control,
by which the power conditioner recerves a direct-current volt-
age command or a direct current command and a control
switching command from the supervisory remote control
apparatus through the communication system and an output
from the power conversion apparatus included in the power
conditioner becomes maximum, to voltage control or current
control using the direct-current voltage command Vref or the
direct current command Iref;

a power generating condition detector which 1s installed in
the measurement apparatus and detects power generating,
conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed 1n the supervisory
remote control apparatus, fetches a direct current detection
value (I) detected by the direct current detector and a direct-
current voltage detection value (V) detected by the direct-
current voltage detector in synchronization with transmission
of the direct-current voltage command or the direct current
command from the supervisory remote control apparatus,
traces an I-V characteristic diagram, traces a P-V character-
1stic diagram from direct-current power (P) calculated based
on the direct-current voltage detection value (V) and the
direct current detection value (1) and the direct-current volt-
age detection value (V), and also traces power generating
conditions detected by the power generating condition detec-
tor on the P-V characteristic diagram, the I-V characteristic
diagram of the photovoltaic array, the P-V characteristic dia-
gram of the photovoltaic array, and the power generating
condition detection value being traced in synchronization
with transmission of the direct-current voltage command or
the direct current command and the control switching com-
mand from the supervisory remote control apparatus to the
control switching apparatus.

Additionally, there 1s provided a photovoltaic power gen-
eration system comprising:

a photovoltaic array; a power conditioner which converts
direct-current power generated by the photovoltaic array into
desired direct-current power, further converts 1t into alternat-
ing-current power, and supplies 1t to an alternating-current
power system, or converts direct-current power generated by
the photovoltaic array 1into alternating-current power and sup-
plies 1t to the alternating-current power system; a supervisory
remote control apparatus which supervises and controls a
state of the alternating-current power system; and a measure-
ment apparatus which measures power generating conditions
ol the photovoltaic array,

the photovoltaic power generation system further compris-
ng:

a communication system which has communication appa-
ratuses 1nstalled 1n the supervisory remote control apparatus,
the power conditioner, and the measurement apparatus,
respectively, and comprises a signal transmission path which
enables communication between the communication appara-
tus 1n the supervisory remote control apparatus and the com-
munication apparatus in the measurement apparatus and
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between the communication apparatus in the supervisory
remote control apparatus and the communication apparatus in
the power conditioner;

a control switching apparatus that switches MPP'T control,
by which the power conditioner recerves a direct-current volt-
age command or a direct current command and a control
switching command from the supervisory remote control
apparatus through the communication system and an output
from the power conversion apparatus included 1n the power
conditioner becomes maximuim, to voltage control or current
control using the direct-current voltage command Vref or the
direct current command Iref;

a power generating condition detector which 1s mnstalled 1n
the measurement apparatus and detects power generating
conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array;

an alternating-current power detector which detects alter-
nating-current power that 1s an output from the power con-
version apparatus; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detection
value (1) detected by the direct current detector and a direct-
current voltage detection value (V) detected by the direct-
current voltage detector in synchronization with transmission
of the direct-current voltage command or the direct current
command from the supervisory remote control apparatus,
traces an I-V characteristic diagram, traces a P-V character-
1stic diagram from direct-current power (P) calculated based
on the direct-current voltage detection value (V) and the
direct current detection value (I) and the direct-current volt-
age detection value (V), and also traces power generating
conditions detected by the power generating condition detec-
tor and an alternating-current power detection value detected
by the alternating-current power detector on the P-V charac-
teristic diagram, the I-V characteristic diagram of the photo-
voltaic array, the P-V characteristic diagram of the photovol-
taic array, and the power generating condition detection value
being traced in synchronization with transmission of the
direct-current voltage command or the direct current com-
mand and the control switching command from the supervi-
sory remote control apparatus to the control switching appa-
ratus.

Further, there 1s provided a photovoltaic power generation
system comprising:

a photovoltaic array; a power conditioner which converts
direct-current power generated by the photovoltaic array into
desired direct-current power, further converts 1t into alternat-
ing-current power, and supplies it to an alternating-current
power system, or converts direct-current power generated by
the photovoltaic array into alternating-current power and sup-
plies 1t to the alternating-current power system; a supervisory
remote control apparatus which supervises and controls a
state of the alternating-current power system; and a measure-
ment apparatus which measures power generating conditions
of the photovoltaic array,

the photovoltaic power generation system further compris-
ng:

a communication system which has communication appa-
ratuses 1nstalled 1n the supervisory remote control apparatus,
the power conditioner, and the measurement apparatus,
respectively, and comprises a signal transmission path which
enables communication between the communication appara-
tus 1n the supervisory remote control apparatus and the com-
munication apparatus in the measurement apparatus and
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between the communication apparatus in the supervisory
remote control apparatus and the communication apparatus in
the power conditioner;

a control switching apparatus that switches MPPT control,
by which the power conditioner recerves a direct-current volt-
age command or a direct current command and a control
switching command from the supervisory remote control
apparatus through the communication system and an output
from the power conversion apparatus included in the power
conditioner becomes maximum, to voltage control or current
control using the direct-current voltage command Vref or the
direct current command Iref;

a power generating condition detector which 1s installed in
the measurement apparatus and detects power generating,
conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed 1n the supervisory
remote control apparatus, fetches a direct current detection
value (I) detected by the direct current detector and a direct-
current voltage detection value (V) detected by the direct-
current voltage detector 1n synchronization with transmission
of the direct-current voltage command or the direct current
command from the supervisory remote control apparatus,
traces an I-V characteristic diagram, traces a P-V character-
1stic diagram from direct-current power (P) calculated based
on the direct-current voltage detection value (V) and the
direct current detection value (I) and the direct-current volt-
age detection value (V), and also traces power generating
conditions detected by the power generating condition detec-
tor and an alternating-current power detection value detected
by an alternating-current power detector on the P-V charac-
teristic diagram, the I-V characteristic diagram of the photo-
voltaic array, the P-V characteristic diagram of the photovol-
taic array, and the power generating condition detection value
being traced in synchronization with transmission of the
direct-current voltage command or the direct current com-
mand and the control switching command from the supervi-
sory remote control apparatus to the control switching appa-
ratus.

Furthermore, there 1s provided a photovoltaic power gen-
eration system, wherein the photovoltaic array 1s divided into
photovoltaic modules, and a direct current smoothing capaci-
tor 1s provided on an mput side of a power conversion appa-
ratus 1included 1n the power conditioner, and

wherein a switch 1s provided to a cable run connected with
cach photovoltaic module to enable selection of one of the
photovoltaic modules, and a cable run switch which enables
performing 1nitial charging of the smoothing capacitor simul-
taneously with a trace operation of the curve trace apparatus
1s provided on an 1put side of the direct current smoothing
capacitor.

Moreover, there 1s provided a photovoltaic power genera-
tion system comprising:

a plurality of photovoltaic arrays, and curve trace appara-
tuses each of which traces output characteristics of at least a
direct current I and a direct-current voltage V as outputs from
cach of the photovoltaic arrays in accordance with each of the
photovoltaic arrays,

the photovoltaic power generation system further compris-
ing a control apparatus configured to perform display control
of each curve trace apparatus 1n synchronization.

Additionally, 1n the above explanation, the communication
system comprising the communication apparatus and the sig-
nal transmission path includes one of a wire communication
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system, a wireless communication system, and a communi-
cation system having a combination of wire communication
and wireless communication.

It 1s needless to say that the present invention can be
applied to not only the large-scale, e.g., a megawatt-class
photovoltaic power generation system or the clustered grid-
connected photovoltaic power generation system but also a
verification experiment system that evaluates the photovol-
taic power generation system.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretore, the invention 1n its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A photovoltaic power generation system comprising:

a photovoltaic array including photovoltaic modules;

a control apparatus configured to display output character-
istics of the photovoltaic array and power generating
conditions of the photovoltaic array 1n synchronization;
and

a curve trace apparatus that traces a P-V characteristic
diagram from direct-current power (P) calculated based
on a direct-current voltage detection value (V) and a
direct current detection value (1), and also traces power
generating conditions and an alternating-current power
detection value on the P-V characteristic diagram.

2. A photovoltaic power generation system comprising:

a photovoltaic array;

a power conditioner which converts direct-current power
generated by the photovoltaic array into desired direct-
current power, further converts it into alternating-cur-
rent power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by the photovoltaic array into alternating-current
power and supplies 1t to the alternating-current power
system:

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system:

a measurement apparatus which measures power generat-
ing conditions of the photovoltaic array;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner, and the measurement appa-
ratus, respectively, and comprises

a signal transmission path which enables communication
between the communication apparatus in the supervi-
sory remote control apparatus and the communication
apparatus 1n the measurement apparatus and between
the communication apparatus in the supervisory remote
control apparatus and the communication apparatus 1n
the power conditioner;

a control switching apparatus that switches MPP'T control,
by which the power conditioner recerves a direct-current
voltage command or a direct current command and a
control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus 1included 1n the power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vref or the direct cur-
rent command Iref;
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a power generating condition detector which 1s installed in

the measurement apparatus and detects power generat-
ing conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-

current voltage that 1s an output from the photovoltaic
array;

a direct current detector which detects a direct current that

1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed 1n the supervisory

remote control apparatus, fetches a direct current detec-
tion value (1) detected by the direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector, traces an I-V charac-
teristic diagram of the photovoltaic array, traces a P-V
characteristic diagram from direct-current power (P)
calculated based on the direct-current voltage detection
value (V) and the direct current detection value (I), and
also traces power generating conditions detected by the
power generating condition detector on the I-V charac-
teristic diagram and an alternating-current power detec-
tion value detected by the alternating-current power
detector on the P-V characteristic diagram, the I-V char-
acteristic diagram and the power generating condition
detection value being traced in synchronization with
transmission of the direct-current voltage command or
the direct current command and the control switching
command from the supervisory remote control appara-
tus to the control switching apparatus, and the I-V char-
acteristic diagram and the power generating condition
detection value being displayed.

3. A photovoltaic power generation system comprising:
a photovoltaic array;
a power conditioner which converts direct-current power

generated by the photovoltaic array into desired direct-
current power, further converts it mto alternating-cur-
rent power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by the photovoltaic array into alternating-current
power and supplies 1t to the alternating-current power
system:

a supervisory remote control apparatus which supervises

and controls a state of the alternating-current power
system:

a measurement apparatus which measures power generat-

ing conditions of the photovoltaic array;

a communication system which has communication appa-

ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner, and the measurement appa-
ratus, respectively, and comprises a signal transmission
path which enables communication between the com-
munication apparatus in the supervisory remote control
apparatus and the communication apparatus 1n the mea-
surement apparatus and between the communication
apparatus 1n the supervisory remote control apparatus
and the communication apparatus 1n the power condi-
tioner;

a control switching apparatus that switches MPPT control,

by which the power conditioner recerves a direct-current
voltage command or a direct current command and a
control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus included 1n the power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vret or the direct cur-
rent command Iref;
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a power generating condition detector which 1s mstalled 1n

the measurement apparatus and detects power generat-
ing conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-

current voltage that 1s an output from the photovoltaic
array;

a direct current detector which detects a direct current that

1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory

remote control apparatus, fetches a direct current detec-
tion value (1) detected by the direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector in synchromization
with transmission of the direct-current voltage com-
mand or the direct current command from the supervi-
sory remote control apparatus, traces a P-V characteris-
tic diagram from direct-current power (P) calculated
based on the direct-current voltage detection value (V)
and the direct current detection value (I), and also traces
power generating conditions detected by the power gen-
crating condition detector and an alternating-current
power detection value detected by an alternating-current
power detector on the P-V characteristic diagram, the
P-V characteristic diagram, the solar radiation intensity
detection value, and the air temperature detection value
being traced 1n synchronization with transmission of the
direct-current voltage command or the direct current
command and the control switching command from the
supervisory remote control apparatus to the control
switching apparatus.

4. A photovoltaic power generation system comprising:
a photovoltaic array;
a power conditioner which converts direct-current power

generated by the photovoltaic array into desired direct-
current power, further converts it into alternating-cur-
rent power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by the photovoltaic array into alternating-current
power and supplies 1t to the alternating-current power
system:

a supervisory remote control apparatus which supervises

and controls a state of the alternating-current power
system; and

a measurement apparatus which measures power generat-

ing conditions of the photovoltaic array;

a communication system which has communication appa-

ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner, and the measurement appa-
ratus, respectively, and comprises a signal transmission
path which enables communication between the com-
munication apparatus in the supervisory remote control
apparatus and the communication apparatus in the mea-
surement apparatus and between the communication
apparatus in the supervisory remote control apparatus
and the communication apparatus 1n the power condi-
tioner;

a control switching apparatus that switches MPP'T control,

by which the power conditioner recerves a direct-current
voltage command or a direct current command and a
control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus 1included 1n the power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vref or the direct cur-
rent command Iref;
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a power generating condition detector which 1s installed in
the measurement apparatus and detects power generat-
ing conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed 1n the supervisory
remote control apparatus, fetches a direct current detec-
tion value (1) detected by the direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector in synchronization
with transmission of the direct-current voltage com-
mand or the direct current command from the supervi-
sory remote control apparatus, traces an I-V character-
1stic diagram, traces a P-V characteristic diagram from
direct-current power (P) calculated based on the direct-
current voltage detection value (V) and the direct current
detection value (I), and also traces power generating
conditions detected by the power generating condition
detector and an alternating-current power detection
value detected by an alternating-current power detector
on the P-V characteristic diagram, the I-V characteristic
diagram of the photovoltaic array, the P-V characteristic
diagram of the photovoltaic array, and the power gener-
ating condition detection value being traced 1n synchro-
nization with transmission of the direct-current voltage
command or the direct current command and the control
switching command from the supervisory remote con-
trol apparatus to the control switching apparatus.

5. A photovoltaic power generation system comprising:

a photovoltaic array;

a power conditioner which converts direct-current power
generated by the photovoltaic array into desired direct-
current power, further converts it mto alternating-cur-
rent power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by the photovoltaic array into alternating-current
power and supplies 1t to the alternating-current power
system:

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system; and

a measurement apparatus which measures power generat-
ing conditions of the photovoltaic array;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner, and the measurement appa-
ratus, respectively, and comprises a signal transmission
path which enables communication between the com-
munication apparatus in the supervisory remote control
apparatus and the communication apparatus 1n the mea-
surement apparatus and between the communication
apparatus 1n the supervisory remote control apparatus
and the communication apparatus 1n the power condi-
tioner;

a control switching apparatus that switches MPPT control,
by which the power conditioner recerves a direct-current
voltage command or a direct current command and a
control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus included 1n the power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vret or the direct cur-
rent command Iref;
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a power generating condition detector which 1s mstalled 1n
the measurement apparatus and detects power generat-
ing conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array;

an alternating-current power detector which detects alter-
nating-current power that 1s an output from the power
conversion apparatus; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detec-
tion value (I) detected by the direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector in synchronization
with transmission of the direct-current voltage com-
mand or the direct current command from the supervi-
sory remote control apparatus, traces an I-V character-
istic diagram, traces a P-V characteristic diagram from
direct-current power (P) calculated based on the direct-
current voltage detection value (V) and the direct current
detection value (I), and also traces power generating
conditions detected by the power generating condition
detector and an alternating-current power detection
value detected by the alternating-current power detector
on the P-V characteristic diagram, the I-V characteristic
diagram of the photovoltaic array, the P-V characteristic
diagram of the photovoltaic array, and the power gener-
ating condition detection value being traced 1n synchro-
nization with transmission of the direct-current voltage
command or the direct current command and the control
switching command from the supervisory remote con-
trol apparatus to the control switching apparatus.

6. A photovoltaic power generation system comprising:

a photovoltaic array;

a power conditioner which converts direct-current power
generated by the photovoltaic array into desired direct-
current power, further converts it into alternating-cur-
rent power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by the photovoltaic array 1nto alternating-current
power and supplies 1t to the alternating-current power
system:

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system; and

a measurement apparatus which measures power generat-
ing conditions of the photovoltaic array;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner, and the measurement appa-
ratus, respectively, and comprises a signal transmission
path which enables communication between the com-
munication apparatus in the supervisory remote control
apparatus and the communication apparatus 1n the mea-
surement apparatus and between the communication
apparatus in the supervisory remote control apparatus
and the communication apparatus 1n the power condi-
tioner;

a control switching apparatus that switches MPPT control,
by which the power conditioner recerves a direct-current
voltage command or a direct current command and a
control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus included 1n the power conditioner becomes maxi-




US 9,141,122 B2

23

mum, to voltage control or current control using the
direct-current voltage command Vret or the direct cur-
rent command Iref;

a power generating condition detector which 1s installed in
the measurement apparatus and detects power generat-
ing conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from the photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from the photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detec-
tion value (1) detected by the direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector in synchromization
with transmission of the direct-current voltage com-
mand or the direct current command from the supervi-
sory remote control apparatus, traces an I-V character-
1stic diagram, traces a P-V characteristic diagram from
direct-current power (P) calculated based on the direct-
current voltage detection value (V) and the direct current
detection value (I), and also traces power generating
conditions detected by the power generating condition
detector and an alternating-current power detection
value detected by an alternating-current power detector
on the P-V characteristic diagram, the I-V characteristic
diagram of the photovoltaic array, the P-V characteristic
diagram of the photovoltaic array, and the power gener-
ating condition detection value being traced 1n synchro-
nization with transmission of the direct-current voltage
command or the direct current command and the control
switching command from the supervisory remote con-
trol apparatus to the control switching apparatus.

7. The photovoltaic power generation system according to

one of claims 2 to 5,

wherein the photovoltaic array 1s divided into photovoltaic
modules, and a direct current smoothing capacitor 1s
provided on an mput side of a power conversion appa-
ratus included 1n the power conditioner, and

wherein a switch 1s provided to a cable run connected with
cach photovoltaic module to enable selection of one of
the photovoltaic modules, and a cable run switch which
cnables performing initial charging of the smoothing
capacitor simultaneously with a trace operation of the
curve trace apparatus 1s provided on an mput side of the
direct current smoothing capacitor.

8. A photovoltaic power generation system comprising:

a plurality of photovoltaic arrays;

curve trace apparatuses each of which traces output char-
acteristics of at least a direct current I and a direct-
current voltage V as outputs from each of the photovol-
taic arrays in accordance with each of the photovoltaic
arrays; and

a control apparatus configured to perform display control
ol each curve trace apparatus 1n synchronization,

wherein one of the curve trace apparatuses traces a P-V
characteristic diagram from direct-current power (P)
calculated based on a detected value of direct-current
voltage V and a detected value of the direct current I, and
also traces power generating conditions detected by a
power generating condition detector and an alternating-
current power detection value detected by an alternat-
ing-current power detector on the P-V characteristic dia-
gram.
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9. A photovoltaic power generation system comprising:

a plurality of photovoltaic arrays;

a power conditioner which converts direct-current power
generated by each of the photovoltaic arrays into desired
direct-current power, further converts it into alternating-
current power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by each of the photovoltaic arrays into alternating-
current power and supplies it to the alternating-current
power system;

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system:

a measurement apparatus which measures power generat-
ing conditions of each of the photovoltaic arrays;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner 1n each of the photovoltaic
arrays, and the measurement apparatus, respectively,
and comprises a signal transmission path which enables
communication between the communication apparatus
in the supervisory remote control apparatus and the
communication apparatus in the measurement apparatus
and between the communication apparatus 1n the super-
visory remote control apparatus and the communication
apparatus in each power conditioner;

a control switching apparatus that switches MPP'T control,
by which each power conditioner receives a direct-cur-
rent voltage command or a direct current command and
a control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus included 1n each power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vrel or the direct cur-
rent command Iref;

at least one power generating condition detector which
detects power generating conditions of the photovoltaic
arrays;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from each photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from each photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detec-
tion value (I) detected by each direct current detector and
a direct-current voltage detection value (V) detected by
the direct-current voltage detector, traces an I-V charac-
teristic diagram of each photovoltaic array, traces a P-V
characteristic diagram of each photovoltaic array from
direct-current power (P) calculated based on the direct-
current voltage detection value (V) and the direct current
detection value (I), and also traces power generating
conditions detected by the power generating condition
detector and an alternating-current power detection
value detected by an alternating-current power detector
on the P-V characteristic diagram of each photovoltaic
array and the I-V characteristic diagram of each photo-
voltaic array, the I-V characteristic diagram of each pho-
tovoltaic array and the power generating condition
detection value being traced in synchronization with
transmission of the direct-current voltage command or
the direct current command and the control switching
command from the supervisory remote control appara-
tus to the control switching apparatus, and the I-V char-
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acteristic diagram of each photovoltaic array and the
power generating condition detection value being dis-
played.

10. A photovoltaic power generation system comprising;:

a plurality of photovoltaic arrays;

a power conditioner which converts direct-current power
generated by each of the photovoltaic arrays into desired
direct-current power, further converts it into alternating-
current power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by each of the photovoltaic arrays into alternating-
current power and supplies it to the alternating-current
power systems;

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system; and

a measurement apparatus which measures power generat-
ing conditions of each of the photovoltaic arrays;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner 1n each of the photovoltaic
arrays, and the measurement apparatus, respectively,
and comprises a signal transmaission path which enables
communication between the communication apparatus
in the supervisory remote control apparatus and the
communication apparatus i the measurement apparatus
and between the communication apparatus 1n the super-
visory remote control apparatus and the communication
apparatus 1n each power conditioner;

a control switching apparatus that switches MPPT control,
by which each power conditioner receives a direct-cur-
rent voltage command or a direct current command and
a control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from the power conversion appa-
ratus included 1n each power conditioner becomes maxi-
mum, to voltage control or current control using the
direct-current voltage command Vret or the direct cur-
rent command Iref;

at least one power generating condition detector which
detects power generating conditions of the photovoltaic
arrays;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from each photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from each photovoltaic array; and

a curve trace apparatus which 1s installed 1n the supervisory
remote control apparatus, fetches a direct current detec-
tion value (1) detected by each direct current detector and
a direct-current voltage detection value (V) detected by
cach direct-current voltage detector, traces a P-V char-
acteristic diagram of each photovoltaic array from
direct-current power (P) calculated based on the direct
current detection value (1) of each photovoltaic array and
the direct-current voltage detection value (V) power
generating conditions detected, including an air tem-
perature detection value, by the power generating con-
dition detector and an alternating-current power detec-
tion value detected by the alternating-current power
detector on the P-V characteristic diagram of each pho-
tovoltaic array, the P-V characteristic diagram of each
photovoltaic array and the power generating condition
detection value being traced in synchronization with
transmission of the direct-current voltage command or
the direct current command and the control switching
command from the supervisory remote control appara-
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tus to the control switching apparatus, and the P-V char-
acteristic diagram of each photovoltaic array and the
power generating condition detection value being dis-
played.

11. A photovoltaic power generation system comprising:

a plurality of photovoltaic arrays;

a power conditioner which converts direct-current power
generated by each of the photovoltaic arrays 1into desired
direct-current power, further converts it into alternating-
current power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by each of the photovoltaic arrays into alternating-
current power and supplies it to the alternating-current
power system;

a supervisory remote control apparatus which supervises
and controls a state of the alternating-current power
system;

a measurement apparatus which measures power generat-
ing conditions of each of the photovoltaic arrays;

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner 1n each of the photovoltaic
arrays, and the measurement apparatus, respectively,
and comprises a signal transmission path which enables
communication between the communication apparatus
in the supervisory remote control apparatus and the
communication apparatus in the measurement apparatus
and between the communication apparatus 1n the super-
visory remote control apparatus and the communication
apparatus in each power conditioner;

a control switching apparatus which controls 1 such a
manner that the power conditioner recetves a direct-
current voltage command or a direct current command
and a control switching command from the supervisory
remote control apparatus through the commumnication
system and an output from a power conversion apparatus
included in the power conditioner becomes maximum;

at least one power generating condition detector which
detects power generation conditions of the photovoltaic
array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output from each photovoltaic
array;

a direct current detector which detects a direct current that
1s an output from each photovoltaic array; and

a curve trace apparatus which 1s installed in the supervisory
remote control apparatus, fetches a direct current detec-
tion value (I) of each photovoltaic array detected by each
direct current detector and a direct-current voltage
detection value (V) detected by each direct-current volt-
age detector of each photovoltaic array, traces an I-V
characteristic diagram of each photovoltaic array, traces
a P-V characteristic diagram of each photovoltaic array
from direct-current power (P) calculated based on the
direct current (I) and the direct voltage (V) of each
photovoltaic array power generating conditions detected
by the power generating condition detector and an alter-
nating-current power detection value detected by an
alternating-current power detector on the I-V character-
istic diagram of each photovoltaic array and the P-V
characteristic diagram of each photovoltaic array, the
I-V characteristic diagram of each photovoltaic array,
the P-V characteristic diagram ol each photovoltaic
array, and the power generating condition detection
value being traced 1n synchronization with transmission
of the direct-current voltage command or the direct cur-
rent command and the control switching command to
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the control switching apparatus from the supervisory
remote control apparatus, and the I-V characteristic dia-
gram ol each photovoltaic array, the P-V characteristic

28

tovoltaic array, the P-V characteristic diagram of each
photovoltaic array, and the power generating condition
detection value being traced in synchronization with

diagram of each photovoltaic array, and the power gen-
erating condition detection value being displayed. 5

12. A photovoltaic power generation system comprising;:

a plurality of photovoltaic arrays;

a power conditioner which converts direct-current power
generated by each of the photovoltaic arrays into desired
direct-current power, further converts it into alternating- 10
current power, and supplies 1t to an alternating-current
power system, or converts direct-current power gener-
ated by each of the photovoltaic arrays into alternating- 13. The photovoltaic power generation system according to
current power and supplies 1t to the a]tema‘[ing-curren‘[ one of claams 9 to 12, further COmpI'iSiIlg a direct current
power system; 15 smoothing capacitor on an mnput side of a power conversion

a supervisory remote control apparatus which supervises apparatus included 1n the power conditioner,
and controls a state of the alternating-current power
system; and

a measurement apparatus which measures power generat-
ing conditions of each of the photovoltaic arrays; 20

a communication system which has communication appa-
ratuses mstalled in the supervisory remote control appa-
ratus, the power conditioner 1n each of the photovoltaic
arrays, and the measurement apparatus, respectively,
and comprises a signal transmaission path which enables 25
communication between the communication apparatus
in the supervisory remote control apparatus and the
communication apparatus i the measurement apparatus
and between the communication apparatus 1n the super-
visory remote control apparatus and the commumnication 30
apparatus 1n each power conditioner;

a control switching apparatus that switches MPPT control,
by which each power conditioner receives a direct-cur-
rent voltage command or a direct current command and
a control switching command from the supervisory 35
remote control apparatus through the communication
system and an output from the power conversion appa-
ratus included 1n each power conditioner becomes maxi-
mum, to voltage control, or current control using the
direct-current voltage command Vref or the direct cur- 40
rent command Iref;

at least one solar radiation intensity detector which detects
power generating conditions of the photovoltaic array;

a direct-current voltage detector which detects a direct-
current voltage that 1s an output of each photovoltaic 45
array;

a direct current detector which detects a direct current that
1s an output of each photovoltaic array;

an alternating-current power detector for an output of the
power conversion apparatus; and 50

a curve trace apparatus which 1s installed 1n the supervisory
remote control apparatus, fetches a direct current detec-

tion value (I) of each photovoltaic array detected by each _ _ _
direct current detector and a direct-current voltage 16. The photovoltaic power generation system according to

detection value (V) detected by each direct-current volt- ss one of claims 2, 3,4, 5,9, 10, 11, and 12,
age detector of each photovoltaic array, traces an I-V
characteristic diagram of each photovoltaic array, traces
a P-V characteristic diagram of each photovoltaic array
from direct-current power (P) calculated based on the
direct current (I) and the direct-current voltage (V) of 60
cach photovoltaic array, and also traces power generat-
ing conditions detected by the power generating condi-
tion detector and an alternating-current power detection
value detected by the alternating-current power detector
on the I-V characteristic diagram of each photovoltaic 65
array and the P-V characteristic diagram of each photo-
voltaic array, the I-V characteristic diagram of each pho-

transmission of the direct-current voltage command or
the direct current command and the control switching
command to the control switching apparatus from the
supervisory remote control apparatus, and the I-V char-
acteristic diagram of each photovoltaic array, the P-V
characteristic diagram of each photovoltaic array, and
the power generating condition detection value being
displayed.

wherein a cable run switch which enables performing ini-
tial charging of the smoothing capacitor simultaneously
with a trace operation of the curve trace apparatus 1s
provided on the mput side of the direct-current smooth-
Ing capacitor.

14. The photovoltaic power generation system according to
one of claims 9 to 12,

wherein the photovoltaic array 1s divided into photovoltaic
modules or the photovoltaic arrays are provided, and a
direct current smoothing capacitor 1s provided on an
input side of a power conversion apparatus included 1n
the power conditioner, and

wherein a switch 1s provided to a cable run connected with
cach photovoltaic module or each photovoltaic array to
enable selecting one of each photovoltaic module and
cach photovoltaic array, and a cable run switch that
enables performing initial charging of the smoothing
capacitor simultaneously with a trace operation of the
curve trace apparatus 1s provided on the input side of the
direct current smoothing capacitor.

15. The photovoltaic power generation system according to
one of claims 2, 3,4, 5,9, 10, 11, and 12,

wherein the power generating condition detector 1s one of
a solar radiation intensimeter which measures solar
radiation intensity, an anemometer which measures a
velocity of wind, and an air temperature gauge which
measures an air temperature at an installation position of
the photovoltaic array or the photovoltaic module, or a
temperature gauge which measures a temperature of the
photovoltaic array or the photovoltaic module, or a cam-
era configured to visually confirm a solar radiation envi-
ronment at the installation position of the photovoltaic
array or the photovoltaic module.

wherein a display apparatus that enables visually confirm-
ing the characteristic diagram traced by the curve trace
apparatus 1s installed 1n accordance with the supervisory
remote control apparatus or the supervisory remote con-
trol apparatus and each power conditioner.

17. The photovoltaic power generation system according to
one of claims 2, 3,4, 5,9, 10, 11, and 12,

wherein the display apparatus displays with time detection
values of the power generating condition detector, the
direct-current voltage detector, the direct current detec-
tor, the alternating-current power detector, and a direct-
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current power arithmetic unit which calculates direct- 20. The photovoltaic power generation system according to
current power from values detected by the direct-current ~ one of claims 2, 3, 4,5, 9, 10, 11, and 12,
voltage detector and the direct current detector. wherein the display apparatus displays a detection value (1)
_ . . . of the direct current detector simultaneously with char-
18. The Photovoltalc power generat?on system according to 5 acteristics of the photovoltaic array or each of the pho-
one of claims 2,3, 4,35,9,10, 11, and 12, tovoltaic arrays.
wherein the display apparatus displays the P-V character- 21. The photovoltaic power generation system according to
istics from a detection value (P) of the direct current claim 17,
arithmetic unit and a detection value (V) of the direct- wherein the display apparatus displays with time detection
current voltage detector, a maximum power point, and a values of the alternating-current power detector and a
detection value of the power generating condition detec- direct-current power arithmetic unit which calculates

direct-current power Irom values detected from the

tor simultaneously with characteristics of the photovol- _ ,
direct-current voltage detector and the direct current

taic array or photovoltaic arrays.

detector.
19. The photovoltaic power generation system according to 22. The photovoltaic power generation system according to
one of claims 2,3, 4. 5,9,10, 11, and 12, 15 ¢laim 13,
wherein the display apparatus simultaneously displays the wherein the display apparatus simultaneously displays
[-V characteristics from a detection value (I) of the direct P-V f:har acteristics in a fu!l dir ect-current voltage region
current detector and a detection value (V) of the direct- obtained by a switch provided on a direct-current output

current voltage detector and a detection value of the side and a maximum power point.

power generating condition detector. * % % ok ok
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